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of time. Major improvements include: (a)
omission of evaporation and neutralization of
the acid hydrolysate (b) omission of dilution
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with isopropanol before color measurement
(c) determination of limit of salt concentration
in relation to color depression, which is im-
portant for investigators using hypertonic salt
solutions to extract collagen fractions from tis-
sues.
Glycine and proline, the other two major
components of collagen did not interfere with
the hydroxyproline assay under the present
scheme.
MATERIALS AND METHODS
For apparatus used in the present investigations,
see a previous paper (25).
Reagent solution.s were prepared according to
Bergman and Loxley (24).
Oxidant solution: This reagent was freshly
made daily by mixing the following solutions:
1 volume of (a) to 4 volumes of (b).
(a) Seven % w/v aqueous solution of Chlora-
mm T (stability: 2 weeks at 2—4° C).
(b) A buffer solution, pH 6.0—0.42 M, 0.127 M
and 0.026 M relative to sodium acetate (3H20),
trisodium citrate (2HO) and citric acid (1120)
respectively, containing 385 ml of isopropanol
per liter of aqueous solution (stable indefi-
nately).
Ehrlich's reagent: p-Dimethylaminobenzalçje_
hyde (Eastman Organic Chemicals Reagent
Grade) was dissolved in 60% perchloric acid in
the proportions of 2 g of aldehyde to 3 ml of
acid. Just before use, 3 volumes of the aldehyde
solution were mixed with 13 volumes of iso-
propanol.
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ABSTRACT
The optimal conditions for hydrolysis of rat skin for maximal yield of hydroxyproline
were determined: 4 N HCl at a temperature of 1100 C for 22 hours in Teflon-lined screw-
capped tube.
The spectrophotometric method of Bergman and Loxley for the determination of
hydroxyproline based on oxidation by Chloramine T was modified to give reproducible
results with considerable savings of time.
Evaporation of the acid hydrolysate was not attempted, because even neutralization of
the hydrolysate was proved unnecessary in the present scheme. The final dilution step
using isopropanol before color measurement was omitted.
However, the "salt effect" of NaC1 on the absorbance of treated hydroxyproline solu-
tion was studied; no effect was detected until NaC1 reached 0.6 M. This information is
important for investigators employing hypertonic salt solution for the extraction of neutral
soluble collagen from biological tissues.
Glycine and proline, which are the other two major constituents of collagens were
found not to interfere with the hydroxyproline analysis. Hydroxyproline by itself and
hydroxyproline added to tissue were recovered quantitatively in recovery studies, indicating
no destruction of this imino acid under the hydrolyzing conditions. The purity of spectra
of the developed color for unknown solutions was demonstrated.
In order to make peptide-bound hydroxy-
proline amenable to chemical analysis, it is
generally necessary to release it from the tissue
by acid hydrolysis. Different conditions of
hydrolysis have been used by different investi-
gators (1—10) and this paper reports studies
to establish experimental hydrolytic condi-
tions for rat skin that give maximal yield of
this amino acid.
There are two basic methods and many
modifications thereof (13—23) for the spectro-
photometric determination of hydroxyproline:
one by Stegemann (11), the other by Neuman
and Logan (12). The simplified method of
Bergman and Loxlcy (24) (after Stegemann)
was further improved to give very satisfactory,
reproducible results with considerable savings
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Hydroxyproline stock standard solution: 7.7 X
10° M hydroxy-L-proline (CalBiochem. 3980,
A Grade) in 10' M HCI (to minimize bacterial
growth) (Stability: 3 months at 2—4° C).
Preparation of sample. The procedure used
here was adopted from an earlier paper published
from this laboratory (25) and all determinations
were made in duplicate.
Hydrolysis. Three ml of 4.0 N IICI were added
to an 8 ml screw-capped tube containing about
0.05 g skin. After hydrolysis for 22 hours at 110° C
in a vertical drying tube heated by toluene vapor
from a boiling flask, the contents of the tube were
transferred into a 25 ml volumetric flask and made
up to volume with distilled water. This solution
was filtered, diluted 5—10 times and one ml of this
diluted solution pipetted into a 50 ml screw-capped
tube for use in the next reaction.
Oxidation and condensation. These reactions
were based on the method of Bergman and Loxley
(24) with a few modifications. To the 50 ml screw-
capped tube containing 1 ml sample solution, 2 ml
of isopropranol and 1 ml of oxidant solution were
added and the solution well mixed. After 4 min-
utes, 13 ml of Ehrlich's reagent solution were
added; the cap was screwed tight and the mixture
thoroughly mixed. After the tubes were heated in
a water-bath at 60° C for 25 minutes, they were
cooled for 2 to 3 minutes in tap water. Absorb-
ances of samples and standards were read within
2—3 hours against the reagent blank at 558 m in
1 cm cells and the hydroxyproline values calcu-
lated from a standard curve, prepared from 3 to 4
working standards ranging between 0.6 to 1.5 ><
10° M. The cells were soaked in equal volumes of
95% ethanol and 3 N 1101 after use and rinsed
with 95% ethanol and dried before use in order to
avoid deposition of solid reagent that could affect
absorbance readings.
RESULTS AND DISCUSSION
Specimen preparation and hydrolysis. The
skin was carefully cleaned, minced, homogenized,
lyophilized and dried before hydrolysis so that
representative sampling, complete hydrolysis
and comparison of analytical results on dry
weight basis was possible (25).
For hydrolysis, Teflon-lined screw-capped
tubes have been found to give reliable and
reproducible results as vacuum-sealed tubes,
but were much simpler to handle and could
be reused.
There is no standard method for the deter-
mination of hydroxyproline in rat skin, though
in general the tissue is first hydrolyzed by
acid, usually HCJ, to release the amino acid
(1—10, 26, 27). For comparison, some conditions
commonly employed by different investigators
were incorporated in the present study: 6 N
1101 at temperatures of 100° to 140° C and
time of 3 to 22 hours. At this concentration of
acid, hydrolysis at a temperature of 110° C for
22 hours gave the highest yield of hydroxy-
proline. At temperatures higher than 110° C,
the tendency of the sample to decompose and of
the tube to leak increased resulting in low
values of analysis.
Attention was next turned to acid of lower
concentration (4 N 1101) to reduce salt forma-
tion when neutralization was needed, as a salt
concentration of greater than 0.1 M could
depress the absorbance readings during final
analysis, according to Bergman and Loxley
(24). Reduction of acid content might also
reduce huniin precipitation and decomposition
of amino acids during hydrolysis. The data in
Tables I and II indicate that 4 N HCI at
110° C for 22 hours gives adequately repro-
ducible hydrolytic results without destruction of
liberated hydroxyprolinc.
Effect of pH on oxidation and condensation.
Under our conditions, the absorbancy remained
the same whether 4 or 6 N HC1 was used, with
TABLE I
Hydroxyproline values* (MM/g) of rat abdominal skin hydrolyzed with 4 N HC1 & 6 N HC1 at 110" C
Animal body
wt.(g)
4NHCI 6NHCI
22 lirs. 15 hrs. 85 hrs.22 hrs. 15 hrs. 85 hrs.
285°
282b
245°
356.17 .41 325.04 1.3 306.64 .46
379.76 .31 359.44 .10 328.71 1.8
345.15 .41 316.98 1.5 301.13 .36
351.98 .73
377.65 .59
344.43 .29
326.81 1.5 307.17 59
358.83 .85 346.53 .74
319.93 .37 309.22 .28
* Mean S.E. from 4 determination values
° is an injected control (saline)
b is a treated animal (dilantin injected)
° is an untreated control (uninjected)
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TABLE II
Recovery of hydrcxyproline from mixture with rat
skin after hydrolysis with 4 N HCI & 6 N
HC1 at 116° C for 22 hours
Hydrolytical
conditions
Sample
no.
Optical density° at 558 M5
%
Hydroxy-
proline
recovery°
skinb +
hydroxy-
(0 8 x
.10 4 M)
Skin
alone
Unhy-
drolyzed
hydroxy-
proline(0.8X
10—4 M)
4 N HC1, 1 1005 .638 .364 100.8
110°C, 2 1.010 .643 .369 99.5
22 hrs. 3 0.9015 .530 .3715 100.0
6 N HC1, 1 .000 .528 .373 99.7
110°C, 2 .884 .522 .363 99.7
22 hrs. 3 .915 .548 .367 98.9
° Each O.D. reading is an average of duplicate
sample.
The skins used were randomly selected samples
irrespective of age.
Hydroxyproline recovery = [O.D. (Skin +
hydroxyproline) — O.D. Skin}/O.D. hydroxypro-
line (unhydrolyzed).
or without partial neutralization obviating the
need for neutralization or evaporation as used
by others.
After the diluted hydrolysate solution was
treated with oxidant and Ehrlich's reagent,
the mixture was heated at 60° C for 25 minutes.
To minimize loss of volume due to evaporation
during the heating, and to stabilize the color
formed by the condensation reaction, Bergman
and Loxley (24) diluted the heated solution
with isopropanol before color measurement. I
omitted this final dilution step because screw-
capped tubes were used and there was no danger
of evaporation loss. The color was also found
to be stable for at least 2 hours (instead of
half hour suggested for undiluted solution),
leaving ample time for measurement.
Color measurement. Adequate precision was
acquired by limiting the amount of sample so
that the absorbance reading was below 0.500.
The correspondence of the spectra for the un-
knowns and the standards (shown in Figure 1)
indicates the lack of interference by contami-
nants.
"Salt Effect". The relation between NaCl
concentration and reduction in absorbance
of hydroxyproline solution, due to aggregation
of the chromogen developed in the analytical
480 500 520 540 558 575 590
Wave—length (mj4
Fio. 1. Absorption spectra of rat skin hydrol-
ysates in hydroxyproline determination. Each
curve is from a different animal. From above down
the curves represent decreasing amounts of skin
hydrolysates. Identical curves are obtained with
hydrolyzed hydroxyproline standards covering the
same range.
procedure, was further studied. Absorbances
were recorded for NaCl solutions of 0 to 1.0 M
(in 0.1 M increments) containing 0.8 to 3 X
10M of hydroxyproline. Within this range of
hydroxyproline, it was found that the absorb-
ance readings remained the same up to 0.5 M
NaCI. Absorbance began to fluctuate at 0.6 M
NaC1 and dwindled at 0.7 M NaCl. For exam-
ple: after treatment with Chloramine T and
Ehrlich's reagent, the readings of 0 to 0.5 M
TABLE III
Optical density (at 558 )IIi) cf rot skin and hydroxy-
proline in the presence and absence of added
glycine and proline hydrolyzed with 4 N HC1 at
110° Gfor22 hours
Sample
no.
Skin
alone
Skin +
glycine (1.6
X 10—4 M)
+ proline(0.8 X
10—4 M)
Hydroxy-
proline
alone (0.8
X 104 M)
Hydroxy-
proline(0.8 X 104M)
+ glycine(1.6 X 104M)
+ proline
(0.8 X 104M)
1
2
3
.553
.551
.549
.549
.545
.545
.552
.551
.550
.549
.544
.547
.384 .383
.383 .383
.388 .388
.388 .389
.389 .388
.388 .389
•1)
C.)0
0
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NaCI solutions containing 0.8 x 10 M of
hydroxvproline were .370—.372, and those of
0.7 M NaC1 solutions containing the same
amount of hydroxyproline were .365—.368. It
was also observed that 0 to 0.4 M NaCl solu-
tions containing the reagents but no hydroxy-
proline gave an absorbance reading of 0 against
reagent blank, while a similar 0.7 M NaCI
solution yielded —.005. This was about equal to
the lowering of absorbance when the concentra-
tion of Na.C1 solutions containing 0.8 x 10 M
hydroxyproline, increased from 0.4 M to 0.7 M.
This information should be helpful to research-
ers who employ hypertonic salt solution for
extracting neutral soluble collagen in biological
tissues. It is noteworthy that in the method of
Neuman and Logan (12), using 11202 as the oxi-
dant, absorbance is more sensitive to Na1
concentration change—e.g., depression of ab-
sorbance occurred when the salt in hydroxy-
proline standard reached 0.25 M (19).
Possible interference of glycine and proline.
In view of the fact that glycine and proline
are the other two major amino acid constituents
that exist in collagens (28, 29), their effect on
the hydroxyproline analysis was checked. The
data from Table III show the lack of interfer-
ence by these two substances.
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